Claims 72, 79, .and'85 have been canceled-. Claims 68-and 101-103 have been amended. 
l%e-application, now includes claims 66-68, 70,7L 73-78, 80-84, and 86-107, 

In order to simplify prosecution, claims 72, 79, and 85 have been, canceled. This makes 
moot the rejection: of these claims under 35 U.S.C, 112, first paragraph. The applicant retains the 
right to pursue these claims, or simitar claims, hi one or more continuing applications. As 
acknowledged in the -office. action, there is at least one example taught,in fee application of a 
pharmaceutical active being more soluble in. fee cubic phase when the essential oil is present. 
Moreover, in: the patent application, in hem 4 of the declaration of Dr. Anderson filed September 
15, 2010, and in Exhibit 5 of the -declaration of Dr, Anderson filed March 26,2009, it is 
demonstrated that the inclusion of an essential oil or tocopherol is necessary for the formation of 
reverse cubic phases in the ease where the lipid is phosphafidyieholine and for high levels of 
loading. That is* without fee presence of an essential oil or tocopherol, fee compositions of 
water, phospholipid, and a difficult to solubilize ph.aftnaeeutical do not form reverse cubic phase 
materials, nor do they contain high- loadings of difficult to solubilize pharmaceuticals in the 
reverse cubic phase structured fluid.. 

In order to simplify prosecution, claims 68 and 1C) 1-103 have been amended to eliminate 
the reference “excluding;anisole 5 \ As discussed previously with the Examiner during the 
Examinees interview prior to filing the amendment “anisole” is not an essential oil. Therefore, 
fee inclusion of this requirement, which was discussed during the interview, was redundant. 

This amendment should therefore obviate the rej ection of claims: 68, 83-89, 92,94,97 and. 101~ 
103 tinder 35 U.S.C. 1,12, first paragraph.. 

It should be clear &om this record that claims 68 and 1.01.-103 do hot cover anisole. 

Paragraph [0211] and [0212] specifically defines “essential oils"’ as including 

allspice berry, amber essence, anise see d , arnica, balsam of pern, basil, bay, bay leaf, bergamot, 
bids de rose (rosewood), cajepitt, calendula (marigold pot), white camphor, caraway seed, 
cardamon, carrot seed, cedatwood, celery, german or hungarian chamomile, roman or engiish 
chamomile, elnnamon, cltronella, clary sage, clo vebtid, coriander, cumin, cypress, eucalyptus, 
fennel, Siberian fir needle, frankincense (olibannm oil), garlic, rose geranium, ginger, grapefruit, 
hyssop, jasmine,,jojoba, juniper berry, lavender, lemon, ieniongrass, lime, marjoram, mngwaft, 
mullein flower, myrrh gum, higarade neroli, nutmeg, bitter orange, sweet orange, oregano 
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palniarosa, patchouly, pennyroyal, black pepper, peppermint,.petite grain*, pine needle, poke root, 
rose absolute, rosehip .seed, rosemary, sage, daimation sage, satiialwood-o.il, sassafras, spearmint, 
spikenard, spruce (hemlock), tangerine, tea tree, thuja (cedar leaf), thyme,.vanilla- extract, 
vetiveri, wintergreen, witch-hazel (hamamciia) extract, ylang ylang (cananga) extract and 
components and mixtures thereof, (emphasis added) 


ft should he noted that this defihitioft includes “anise seed”, not “anisole 5 


'Pages 106 and 10?2 


of the Merck Index, attached to September 15, 2010, declaration of Anderson explicitly show the 
oil of anise, which comes from anise seed , is chemically distinct from anisole , Moreover, these 
pages demonstrate anisole is a synthetic. Thus, the Examiners reliance on MPEF 2112.02 
“Products of identical chemical composition can not have mutually exclusive properties" does 
not apply to'the present record which clearly establishes “anisole 5 ' Is not anise seed (or oil of 
anise). As noted ip .point .9 -of the declaration of Anderson filed September 15,2.010, anisole is 
obtained by synthesis;not from a plant source. The CFR also ■identifies anisole as a synthetic 
flavoring agent. Hence, it is Simply improper for the Examiner to fake the position that anisole 
reads on a component of an essential oil. 


The references relied on by the Examiner, MuUloon and, Burdock, in fact, teach exactly 
the opposite conclusion reached by the Examiner. Specifically, Middoon teaches the reaction of 
sodium phehoxide with methyisulfote to produce anisole, and Burdock teaches a number of 
different materials, NONE of which contain any essential oils (see declaration of Anderson at 
point 90). The Examiner has cited Mnidoon as definitive in the issue of anisole in natural plant 
sources. However, Mnidoon simply references. IT Maarsef s book Volatile Compounds in Foods 
and. Beverages [(1991) Mareel Dekker, New York, NY], which contains discussions of ahisole- 
derivaiives, not anisole. Page ? ] 5 of Maarso (attached to this response) contains the following, 
which demonstrates the manner in which anisoles are referred to in Maarse; 


“This bleaching is done with, chlorine, which reacts with: phenol to give 2,4,6- 
IricMorophenpt The phenol is transformed by molds into Its anisole. However, other sources 
may also cause the presence of cMoroanisoles • • •”- 

If should, be noted that this passage does not in any way refer to anisole itself merely compounds 
that contain the anisole motif •within thellarger) molecule . Thus, when, the 01?! in a phenolic 
compound, is changed to OCEfe, this creates an smsolie compound, or *an anisole 5 for short-—not 
anisole Itself This is true of other discussions in Maarse, where anisoles, not anisole, are 


mentioned, Digging ihrther, in bis discussion of artichoke volatile components, Maarse 




references Buttery et al [(I 978) X Agrie. Food, Chem. 26(4>:791] (copy attached for fee 
convenience of the Examiner), which lists the volatilecomponents (i.e., essential, oil 
components) of artichoke, but nowhere does anisole (also called methoxybenxene) appear'. 
Indeed, Table I of that publication, which lists the compounds detected, by capillary GLC and is 
entitled “Identities of Constituents of the Steam Volatile Oil of Artichokes”, does not show 
anisole, nor mefeoxy benzene, nor anisole under any other name. Thus, it appears that the 
Examiner has mistakenly deduced feat any oil containing anisol.es must contain anisole itself, 


• not true . 

The applicant has 'performed a careful review of the entries on Globe Artichoke (page 
246) and Jerusalem Artichoke (page 223, and 231) (copies attached) in Maarse and.fonnd no 
mention of anisole. Pages 715 and 707 appear to be the only places where the root -amsole- 
appears in Maarse, and In both cases fee reference is to anisoles, not anisole itself 

Claims 66, 70,71, 73, 74,99, 95,98,100,104, and 106 were rejected as being 
anticipated by Anderson WO 9912{>40 :as eyidenced by li.S. Patent 5,026,548 to Evans, 
Burdock, and Mnldoon. Claims 67, 68, 72,75-89,91, 93,94, 97, 97,99,101 -103 were rejected 
as being obvious over 'Anderson, as evidenced by Evans, Burdock, and Mnldoon. These: 


rejections are traversed. 

Raihep than support a case for anticipation or obviousness, Anderson in feet teaches fee: 
nnobviousness of fee claimed invention. All claims in the instant invention REQUIRE a 
reversed cubic phase . On page 7 of the office action, the Examiner points to Example 36 of 
Anderson and. notes that Anderson explicitly states in the examples feat if the concentration of 
paclltaxel in this: system were lowered then the solubilixation of paciitaxei becomes a tody stable 
solubilization. Of course,: this completely overlooks the feet that in Example 36 there is taught a 
naaostroelured liq ui d phase, not a reversed cubic phase. This is stated in fee Erst sentence of 
Example 36. As discussed in thtr response arid declaration of Dr. Anderson filed. December .15, 
2009,-additional confirmatory experiments were conducted, which demonstrated a liquid phase 
was formed not a reversed cubic phase, and it was noted that a much higher loading was 
achieved when essential oils were used and reversed cubic phases "were formed. 

Indeed, fee formation of a liquid phase—in other words, liquefaction—^on fee addition 
of a powerful solubilizer of the type taught in the instant invention, is fee norm in. fee field of 
surfactant and lipid phase behavior, and circumventing this so as to allow''high loadings of 




■powerful solubilizers in reversed cubic liquid -apd their unique advantages 
lies at the very heart of the instant invention . Wien an essential oil or other powerful solubilizer 
is incorporated into a lipid-water or surfactant-water system at meaningful levels, there Is a 
strong tendency for the phase to liquefy,: After all, in the ease of a difileuii-to-solubilize drug 
like pacfttaxel, ifike soiubilking power of an essential oil is strong enough to dissolve the cimg, 
chances are it is strong enough to liquejy—-di$soive'~~the UpMphase.. The prior art paradigm is 
that co-solubilizers (referred to as co-surfactants, oils, or “third. components") induce the 
formation of liquid, phases such as inieroemulsions and micellar solutions as their loading 


increases. 

Evans its feet illustrates this prior art paradigm, since, in tire presence of the surfactants 
being extracted (and of course water), the alcohols used in the Evans process; induce liquefaction 
of the surfactant-rich phase, and this is in fact an important convenience of the process. In the 
1940' s and 50% Cubic phases were thought of as nuisances in the soap and surfactants; industry 
because of their high viscosities, and the genesis of their study was largely motivated by the 
desire to understand them so as to be able to eliminate their presence from the industrial 
processes utilized. So, in fact, die weight of the prior ait. teaches that “third components” should 
actually be chosen so as to liquefy the surfactant-rich materials and, uvofo tugh-viseosity phases 
such as cubic phases, hi short, Evans, along with much of the prior art, teaches away tram the 
instant invention in promoting liqueiacfton and avoiding cubic phases. 

The Anderson prior art, insofar as it makes use of third components, .neither avoids nor 
promotes liquid fcrys&ilins phases over liquid phases, but rather treats them as all being 
amenable to the coatings which are the focus in that disclosure. And in particular, as .mentioned 
above, the Example 36 specifically cited by the Examiner is a ease in which the third component 
induces liquefaction, i.e., the formation of a liquid phase. Paelitaxel Is notoriously difficult to 
solubilize and to .retain in solution, as It has a strong tendency to precipitate out of solution over 
timeframes of hours or days (that is, the Solution is: m.ciastabl.e), Thus it Is not surprising: that in 
die Examples of Anderson, when significant loadings of paclitaxel are attempted, either the 
paclitaxel is found to precipitate out overtime, or, if the essential oil is at high enough loading to 
enable true, stable solubilization of this active, then the overall surfactant-rich phase liquefies. 

In the phatmaeeufical weald, particularly in injectable products, it should be particularly 
noted, that the 1 two most commonly used lipids in connection with cubic phases, namely glycerol 




monooleate (GMD, and related monoglyeerides) ■.■and phosphatidylcholine, are not recognized to 
form cubic phases when combined with digykerides (fats), which are far and away the most 
commonly used oils in pharmaceuticals, especially mjectabks. The addition of anything more 
than 2% triglyeeride to the well-known GMO/water cubic phase--which,is the obj ect of study in 
well over 50% of the publications on cubic pliases--~will ttansforto the cubic phase to a different 
phase. And the fact that phosphatidylcholine / water systems form lamellar phases and 
associated emulsions upon addition of triglycerides is almost legendary, and is the bask of many 
injectable irmmiations, such as Intralipid for parenteral radritlors and Jfropofbl for Injection {e.g., 
Diprivan). In sharp contrast., the present invention shows, describes and claims reversed cubic 
phases which employ essential oils or tocopherol. 

A survey of surfactant-water phase diagrams from the prior art will reveal that by and 
large, the cubic phases arc the most prone of all the liquid crystalline phases to liquefaction, 
whether by a third component, impurities In the surfactant, temperature, or by other changes in 
composition. Cubic phase regions in phase diagrams have long been known to be very small in 
extent (i.e., tolerate only small changes hi composition). Fart of the explanation for this lies in 
the fact that, over a lattice fundamental unit of the cubic phase structure, the local properties 
(molecular packing and interactions, as quantified by the principal curvatures) vary from point to 
point, in contrast with the higher-synimetry hexagonal arid particularly the lamellar phase, 
making the cubic phase enhopkaily less favorable (not to mention so-ealkd “frustration” effects, 
also disfavoring the cubic phase). What is remarkable, and surprising, about the instant 
Invention is that it teaches a broad range of reversed cubic liquid crystalline phases which are 
thermodynamically stable and contain high loadings of pharmaceutically acceptable co- 
solubilizer and solubilized drug, in. spite pf prior art teachings that “oily” third: components are to 
be associated with liquids such as mkroemukions and micellar solutions. 

In short contrary to the posi ti on on. page 7 of the office action, Anderson does not 
exemplify anywhere a. composition comprising the same claimed componeiits---Exat'ople 36 of 
Anderson does not have the claimed reversed cubic phase. Rather, Example 36 would stand for 
the proposition, that reversed cubic liquid crystalline phases are not made by the procedures in: 
Example 36. 


Example 37 was also erroneously analyzed in the office action. As noted in point 6 in the 
declaration of Dr. Anderson filed December IS, 2009, Example 37 shows the formation of a 





meiasiable phase. As explained in the declaration ofiDr, Anderson filed December 15, 2009, this 
means that the drug rapidly precipitates Into the surrounding liquid phase leading very low 
loading of the drug in a stable reversed cubic phase (a problem specifically overcome by the 
present invention). As noted above, snlsole is net an essential oil; b.owever S: even if it were 
erroneously assumed to be, Example 37 still does not teach the claimed invention which requires 
the reversed, cubic phase to be made horn water, phospholipid, essential oil or a component 
thereof or tocopherol, and a difficult to solubilize pharmaceutical, as Example 37*s own 
teachings show the “metastable” character which, results in the drug going to a liquid phase. 

Furthermore, while the figures point 4 of the Anderson declaration filed September lfi s 
2010 may be difficult to view, tliere is no mistaking the testimony in point 4 which shows that in 
metastabie materials, -the drag precipitates out of solution, These figures are quite Clear 
electronically, and, if desired can be provided by e-mail or In .color filed at .the XsSPTO receiving 
office window' i f further evaluation i s needed. 

There is: simply no teaching in Anderson that one of ordinary skill in the art could make 
particles with a reverse cubic phase formed from -water,.phospholipids,: essential oils or 
tocopherol, and pharmaceutical actives where the pharmaceutical actives are present at a higher 
loading than If the essential Oils or tocopherol was not present. 

la view of the above and the concurrently fried declaration, claims 66-68, 70, 71, 73-78, 
80-84, and 86-107 should now be reconsidered and allowed si an early dated. 

Should the Examiner find the application to he other than in condition for allowance, the 
Examiner isrequested to contact the undersigned at 703-787-9400 (fine 703-787-7557; e-mail: 
ffiike@wee~lp.eom) to. discuss any other changes deemed necessary in a telephonic of personal 
interview. 

Resp ec t. fid 1 y s u bliitted, 

4y / 'A F | 
fWf /-""A 1 

/ * V* ; g- 

Mfehaef B. Whithani 

Reg.. No, 32,635 


Whdharn, Curtis, Christollerson & Cook, P,G. 
11491 Sunset Bills Road, Suite 340 
Reston, VA 20190 
703-787-9400 (Telephone) 

Customer No. 30743 
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Volatile Aroma Components of Arikjhokes 

E:N fes-eiitial annuo acids to nunessential amino adds},. 
E:P tessennal s.mln;) adds to protein), ancl E:T iess-tnUiai 
amino adds to totel amine- acids! ratios, chemical score, 
EAA1, and BV in rye, tnUeaie, and whea; arc presented 
iii Table V. The results show that H:N anci H;:T ratios are 
higher. ;;■} trhieate, followed by wheat, Kasyan Sons, and 
rye. The results obtained tor chemical score. EAAI. and 
BV in the cas.ee of wheat and rye agree very closely with 
those of Shsrbsn .Sonora and rye reported by Eggiun 
U-b‘7(>) and Duggal and Eggum {1377). As observed from 
Table V. PER is well correlated with chemical scon? in the 
eaao of rye and wheat, dot this is not, true in the case of 
triticale. Superiority in terms of PER, NPR. and growth 
of 'ritieah? over wheat in t.his study could not be due- to 
-essential amino- acids, but it could be- due ta some other 
unknown factors, such, as digestibility, 
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Volatile Aroma Compose®ts of Coakett -Artiohoke 

Ron-1<, Buttery,* Daple G.. Guodagnj. aM Ldutss C, Ling 


The volatile cci of artichokos (t^norn scolytnus), obtained by atmosphesdc steasi diatillaiion continuous 
exir&ciior:, was atiaiyted by tlie cdrec; combination o' capillary g8s chromatography and insss spec- 
r.ro-;n-.;try A total of 32 (.orop-iunds. were eteiraeterusd. The major co'-opo-oetus were b-seibieoe and 
caryophyllene. Odor threshold determinations indicated that the components most imponam. u- the 
aroma included otu.-l -eu-lGmie, hes-! -■■fK-d-taiv. decanal, noo- 1 ra ne-2-o-svesl. chenyhicetaldehseit, an-J 
eugenal 


California i& the msiu growing area for artichokes 
(Cyoaro scolymic.st in the United States. -An improved 
knowledge of the -aroma constituents of artichokes could 
give a beuer basis for breeding for 'unproved flavor in the 
production of artichokes. There have been a number of 
studies on the nonvolatile constituents of artichokes 
particularly in regard >o bitter off-flavor eomponsnis such 
as -.be sequi-erpone isctunes iSamek >:;f: a.l„ 1971; Schneider 
and Thiele, 1974!. However, there does not seem to have 
.seen any previous reports on the volatile arema constit¬ 
uents of artichoke. The present work was begun with the 
purpose of characterising the -major -important volatile 
arom a c o nstitu s n i s. 

EXPERIMENTAL SECcTON 

Materials. vVholi: fresh ffaSifor<iia articht-kes (t'vnarii 
scc/y.m.us'! were obtained item local retail markets. 

Authentic samples of organic cortiy-.rur.dj. were obtained 
from, reltabie .commercial sotmcea or synthesised by es- 
tanlished methods. They were purified by gas-jhyoid 
chrofsiatogv-sphy <{.tLC 1 eepi3.rai.i-.5u heiore use, 

Western Regimes! Ftesharcb Laboraforio Agricultursi. 
Research Service, U.S. Depart.me3it of Agricuiture, 
Berkeley, California 94710. 


Isolation bf Volatile Oil. Fresh artichokes IS kgl were 
osst into ousxtars ;u;ii p!a-::r-:i in a 12-1.. round-bottom flask. 
Tlrc-y were ersverod wii.h odor-free water {6 L! au-d a 
Ldietsa-Hickemm aimm distillatioii coRtmucsiB extraction 
hoad attached to the top of ;he fiask, Ftcsbiy chstilted 
diathyl ether (150,-mL)- containing a- trace of lonox 930 
antioxidant 'was placed in a fi«s.k attached to the solvent 
ana of the bead. The extraction was earoed out a; at¬ 
mospheric pressure for $ h. After drying over anhydrous 
sodium sulfate, the ether was removed by dtetiiu-tion 
through low hold-op Vigreox distillation ec.-k:mn.s to give 
the artichoke volatile oil. 

For separation into hydrocarbon and oxygenated 
fractions, the artichoke volt-tile oii (.60 vl.i wa~ placed c-n 
it eoioinn (12 x i®misj of silica gel (Maiiincknjdi SiiicAR 
uC-7,f. Tite hydrc-Otirbc!! fraction was oiuted with petu.arie 
(20G tiiLj, The ;.->;yg!5natad. ftactior- w;,-, then ehned with 
f-'eshlv dis- slied diethyl ether (2f«3 ttiL;, Solvers! from both 
fractions was removed by distiilatiors using low hold-up 
d istili ation col umus. 

t’apillary CJLG-Mass Spectral Analysis, This was 
carried out in a similar way to that.previously described 
by tile authors <Bu'tery et s!„ 1975; iri the present work, 
two major !y_-)us of capillary columns were use-i: a ISO m 
long X 0,76 mm i.ei, Pyrex glass capillary column coated 


Th:5 srtici® to ! ^-§, Oc.pyf^i. by toe Am&Uz&n 






?S2 J. A$r&. FPoaf Ghent)., Vd. 28, No; 4, 19TS 



Figure i, Capillary GLC artcUj sis of the oxygenated iracsiot; of 
the atmospheric steam veLtiie cM of artichokes. GLC coV.;n>,n 
was a inr iv-ng x 0. :6 :.d. Pyres g;ass capilLiry :.oaied with 

i ween 20 corUanp.ng ow Lepa; CO-85 ! '! The column ;;■*$ tjeid 
•it 50 *C for 12 rain after iujeehi-n end then temperature pro- 
gremmecf from r> 0 -l"i_ ( ■»(; a ,. : *£ 


with Tween 20 cox: tab: ft; g 5% Igepai CO-880 ;md 3 300 m 
loiig x 0. .C> mm i.ci. stainless sled cap ft: ary excited with 
S-hcnne bFS6 : ,60) containing 5% Igepa! CO-880. With 
these columns several different GLC-mass spectral runs 
ware made using differsn; GLC condb inns-, The main one 
wari, however, that, using the Pyrex glass capillary, holding 
ai 60 ' ? C for the .first 12 rain after injection and then 
■temperstura programming from 60-170 *0 at .1 *C-tnin. 
A silicone rubber membrane molecular separator was used, 
to couple the end of the capillary GLC column to the mass 
spectrometer la modified Consolidated 21-620 cycloidal 
type;. Electron ionization voltage was "0 V. 

__ Packed Column GLO-fafrared Spectral Analysis, 
Samples were separated from both the hydrocarbon and 
oxygenated fractions using a 3 m long x (MH cm o.d. 
stainless steel ruiurur; packed with 60-106 mesh f’hro- 
mosorb G'DMCs coated with 2% silicone SFiKHeO}. The 
roiumu was temperature programmed n-arftirumdv from 
60--17(> S C. The infrared UR) absorption a pet: it a were 
measured as films between idframlcro salt plates or aa 
solutions'in CC1< as uStraraicroeavity ceils using a reflecting 
beats: esmdensor wtt n a Perkin-fiihncr Model 28? ouoric 
raent-. 

Odor Thresholds, Vhcst' were me.asured hr water 
solution (on else LrLG-ptmtied compounds) as previously 
described (Guadagni et al, 1968) using Teilon bottles.and 
•tubing for the odor solutions. 


'RESULTS AND IMBCGSBION 

The raw artichoke has little aroma and flavor, and 
artichokes are usually eaten cocked. For this reason, it. 
was tel; that steam distillation continuous ex;faction at 
■atmospheric pressure would be a satisfyotorv method of 
isolating the vclatue uft, Using this method; a vole;he oil 
■amounting, to 10 parts per million fppm) of the artichoke 
was o.btainea. This oil sees judged by four experienced 


Sutlery, ..Ouadagni, ting 

Table I, Identities of Constiteerits of the Steam Volatile 
OS at Artfisfepkes 


Comp quad 

Approx; 
rat a five 
■percent 
in whole' 
qR 

A: i p hs t; c a: c oh o!s®'® 


■9: 2-Methyibutanol MS, RT 

0,8 

(9) 3-Msthylfctitattol MB, RT 

(13 ) S'Msthyibut-S-esi-l -oi MS, RT 

• 2,2 

(16) Kex-cte-3-eiK)': MS. RT 

8J 

!!') Hcx-ftncs-S-erjo! MS. RT 

l .8 

{IStHewanol MS. RT 

2.7 

Afiphatle aidehydes 

Pciu&nal MS, RT 

0,2 

■51 Hexanal MS. RT 

0,5 

Heptaaal MS, RT 

0,2 

Octana! MS. RT 

0;2 

Moosmfli MS, RT 

0,6 

Dacenai MS. .RT 

0.4 

GO) Hex-fmrw-2-jnM MS, RT 

1.8 

Non-fret!;; 2-ena! MS. ET 

'0.2 

Aliphatic ketones 

parugfj-2-Oiie MS. RT 

0,1 

Rusae-3,.l-fi:q:ss MS, RT 

0.1 

id) iivX’l-er;-o-orie MS, RT 

o.s 

Oct-1 wn-S-one.MS, RT 

0-6 

Arosnstjc sod heterocyclic oompoutids 

Fyrifime MS, )R. RT 

0,2 

2-Pa«tvlfUfan MS, RT 

0.8 

i 18} FuGumi MS, TR, RT 


2- Acetyhhiaxoie MS, R'f 

0.1 

!’2S> iis-sissidseyde MS, lit, RT 

0:8 

(SV i Fheov'sceialdehycle MS, RT 

7 

(52} 3i.-r.sy: aicohol MS. RT 

1 

(S9VE«*«noJ MS, JR. RT 

2-5 

Terpene elcoho-s 

(SO) Linsic-ol MS, ST 

0,4 

e-TTvpmeoi MS, RT 

.6,2 

(44) l.-irjiitcro! oxide C 

0,5 

(5 -hydroxy-2 ^fto-trimethyi- 
S^vinyltetrafeydropyrAn.l 

MS, RT 

Seao, u i t e rpe n e ii v cl coc a r bons 

Csryophyllcno MS, ;R, RT 

:18 

Hu.indent- MS. RT 

1 

jS-Sslitiene MS, IR, R‘T 

40 

Tentftutvsiy compounds' 

(28,! Mathyih•:ptaxio; 

2,5 


'* Peak, numbers ctureeponding to peaks in Figure 3 are 
shown in parentheses iir:mediately before the compounds 
hams f; M3, T3, RT- mass spectral, infrared absorption 
spectral and GLC retention evidence, respectively. Kvi- 
dene:: cited is corsssiteai with that of an. authentic sample, 

odor judges io hove an odor very similar to that of cooked 
.artichokes, The whole volatile artichoke oil was first 
examined by the direct combination of capillary GLC and 
mass spectrometry (GLC-.MS) and major components 
characterized. For a more detailed study, the whole oil was 
separated intoa hydrocarbon fraction and an oxygenated 
traction by selective liquid chromatography separation on 
a sihea gel column. These fractions 'were found to bo 
roughly flOT- (hydrocarbon) and -PR? (oxygenated) (,f the 
whole oil. Each fraction was then separately analyzed by 
GLC -Mb and also by packed column GLC isolation of 
selected Peaks for infrared spectral characterization. 
Figure 1 straws a capillary GLC analysis of the oxy¬ 
genated fraction. Components characterized in this trad 
the hydrocarbon fraction ere isued in Table i. Peek 
numbers corresponding ;u the peaks in Figure 1 ere shown 
in .parent hoses Immediately before the compounds mime 
hi Table 1. Compounds not assigned a peak number arc 
either hydrocarbons?hence not. in oxygenated fraction} or 
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Table II. Odoi Thresholds asd Calculations of Relative Odor Units of Soma Artichoke Camppnea&t 


Eel 

Threshold < ) in % of 

Of compound whoie Oclo? units, 

at < ■««»>»* •**;•v .»»>rtvj*v i*y o i i\- - i' 


Oov.-ponept 

per iO* parts ox water 

••oil 

fte.x 

% odor .uni 

'Who!** artichoke oil 

il€ 

100 

1650 

yoo" 

Oct-l -er. -3-or>e 

OiSOS 

0,8 

1200 

7-, 

HeX'l'en-3-ons 

S,024 

0,8. 

338 

29 

Nor, -t o'.oe-S -casl 

9.08 

0,2 

25 

1,5 

Dwni'ai 

0.1 

0.4 

40 

■2 : 

OetanaS 

0,7 

0.2 

.3 

0.2 

None;-,a; 

A 

0.6 

6 

0 4 

Heptanai 


0.2 

0.7 

0 04 

'Pfaeny I ace tal iiehy do 

4 

- 

20 

1.1 

Hexane- 

4,5 

0:,5 

1 

0 09 

Eugenoi 

e 

5 

8 

0.0 

Uaaloo! 

s 

0.4 

0.7 

0.94 

2-Pen tylfprsh 

8 

8.9 

»> 

0,1 

Pciitanal 

12 

0.2 

0.3 

0.01 

H» 3s. - ‘ny as - 2 -enal 

17. 

i:8' 

0.9 

0.05 

Care opiiyh * 1 1 e 

84 

19 

S 

0,2 

Hex-t i~-3-ft?)c,i 

70 

3-.il 

0.5 

0.03 

3 - Mi-1: i y! h u •. a n o S 

250 

9,9 

0,04 

0 08 2 

Itenr.a ■ d eb y 0 a 

350 

■0.3 

0.02 

0.001 

a-Terpifteo: 

350 

8,2 

0.906 

9.0004 

Hessnte 

500 

>\ » 

■i, ?; 

0,05 

0.093 

Furfural 

8000 

2 

0,007 

0.0004 



arectwred "by other peaks hi this particular GLC analysis. 
Differeni GLC condixivins favored score coaippands over 
ofher-i. Some idea of the approximate relative pneresiitages 
of -.he components in the whole oil (caicaiated from peak 
arms) is also listed in Table I. 

Fiie major components of ihe volatile oil an: the son- 
quiierpene hydrocarbons h-udinene and faryophvlleri? 
forming 40 and 1:1%. respectively, of the whole ,41, The:-?' 
eomjtounih do not seem to he closely related ro the 
■torn ole; lie sesquiterpene iaetoiie.-s previous!) characterized 
■n -n't-,chokes (Samek et «iL 10711. More than ten volatile 
oxyg-cnaied iesyulterpcndds (mostly alcohols), occurs mg 
in rr-lfttiveiv small ooocetstrntiun. were tk-recmd but none 
e.t.'idd he character!;: eel from their mass speed's. There are 
& number oi aliphatic alcohols occurring in reasonable 
concentration sac h as hex3-enni (3.5G) and benano! 
t2,' ; > ) winch art- common in many vegetables and fruits 
Ah unusual aliphatic alcohol occurring in reasonable 
coticetiorafiou (2.6%! is peak 26. This compound has a 
mass spectrum very similar to that ol 6-metbviheptanoi, 
but its G 1.(7 retest!Ion is slightly shorter. The mass 
spec! runt is different i'rotst that of torrmthyiheptsuel and 
the branch may ptj&ibly be in the 6 or 4 or 5 position, No 
authentic samplis of these isomers wore av ailable, however. 

As far as the authors can delerrmue, he.r-i-eu-o-one has 
not been found m foods before. OcM-eo-S-ont: had been 
found previously in dairy products (Fores e; at., 1 ? 62 ), 
rourhroon:.' (Cronin and Ward. 1971;, and potatoes 
iBuitwy et al.. i97t)) httt is no; widely occurring although 
tUS' )rr i: sper:d;eg alcohol oct-i-en-6-oi has been i'ontid in 
a large number of food?. Both of these ketones ate potent 
odorant*. 

Afosi. of the ether components character bed rueh as the 
aliphatic, aldehydes, terpen;? alcohols, and aromatic and 
heterocyclic compounds commonly occur in vegetables 

The mass spectra of mew;, of the component- are well 


enough known. The mats spectrum of hex- i -en-3-one (two 
moti- intense sons every 14 mats units above tn/s 64, io- 


tensities In parentheses. molecular iort i 
showed 41 (45?, 43 (53); 55 s'lQO}, 56 03) 
85 (12), 84 (3.5); 0? (6), M (i£9, 


. boldface type) 
70 (42), 71 m}\ 


Importance of Components to Aroma, During the 
captdory GLG analysis oi the whole artichoke voianis oil, 
the odor of the effluent was informally evaluated to de¬ 


termine the odor quality of she components. The only 
’individual GLC peal; (hat tvas felt, to have a characteristic 
.artichoke aroma was that corresponding to hex-i-en-o-one, 
The peak corresponding to oct-1 -en-3-one bed a mush- 
roam; like odor. 

Odor thresholds (77) in water <,.4 most components had 
been determined previously by the authors during s-ndies 
on other foods te.g,, Buttery et ah, 1970; Gita da era et al . 
■806.1. These are. listed it; Table II together with thresholds 
da for maned ;or the present study. The percentage of -.he 
component In the oil ie also shown, and these data war:? 
used to eslculnte odor onlts-li^p for each compound (ef; 
Gtiadagm et al,; 1966), If we consider the- cooceTiirafiof: 
of each composer.! m the oil us parts per billion (npb; 
expressed as F f , then odor units have been defined by 
Guadagm et al. (1966) as 17., ~ FjT f , 'The percent odor 
urutr ;a ncso show?;, 1 ha gives cone:? ales ah a:a- relailve 
importance of the components to the total odor. The most 
important odorants soero to include oeM-en-o-om?. hex- 
l-ers-3-oue. decanal, non-tn’j.as-2-ena], pbrnyiacetaldshycle, 
and eugenoi Mixtures of dilute solutions of some of these 
components in informal evaluations save aromas retni- 
niscen;. of cooked artichokes, 
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